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ABSTRACT
Studies were conducted to characterize insecticide 
resistance and to document aspects of the basic biology 
of the cotton aphid, Aphis qossypii Glover, that were 
related to recommendations for integrated pest 
management. Laboratory, greenhouse, and field
techniques were employed in these investigations.
Significant levels of resistance were demonstrated 
to four recommended insecticide classes. Resistance 
appeared more stable over time for the organophosphate 
insecticide (chlorpyrifos) than for the organochlorine 
(endosulfan) and pyrethroid (bifenthrin) insecticide 
tested. The organophosphate resistance ratio of a 
clonal line of the cotton aphid was significant, but 
relatively low. Carboxylesterases, as studied by 
spectrophotometric and electrophoretic techniques, 
appeared involved as a mechanism of organophosphate 
resistance.
Stable organophosphate resistance caused no 
reproductive disadvantage in the cotton aphid. Total 
reproduction of susceptible and resistant aphids was not
viii
significantly different, but reproduction during the 
first two days of adult life was significantly 
higher for the resistant aphids. Carboxylesterases were 
further implicated as a mechanism of organophosphate 
insecticide resistance.
High polyphagy of the cotton aphid in the Mid-South 
was documented, with collections from 24 non-cultivated 
hosts throughout the year. Movement of winged aphids 
into young cotton occurred gradually, rather than in a 
single major flight. Economic outbreaks in cotton 
occurred on approximately the same date for nine out of 
ten fields sampled, and the early-season use of foliar 
insecticides did not appear to be a factor in 
determining the timing of these outbreaks. Cotton aphid 
populations were significantly greater in the middle of 
the canopy when populations were most heavy. Epizootics 
caused by the fungus, Neozvaites fresenii (Nowakowski), 
effectively regulated mid-season infestations, and its 
prevalence was significantly greater lower within the 
canopy. The braconid parasitoid, Lvsiphlebus
testaceipes (Cresson), also effectively regulated mid­
season populations of the cotton aphid.
The major aphid species occurring in cotton was A. 
qossvpii. but several other species colonized cotton in 
early-season. These species did not occur at economic 
levels, however. The occurrence of the sexual phase 
(oviparae) of the cotton aphid was demonstrated in late- 
season cotton and on one non-cultivated host.
x
CHAPTER 1
INTRODUCTION
Several states in the cotton growing region of the 
United States have reported increasing problems with the 
control of the cotton aphid. Aphis qossvpii Glover (King 
& Phillips 1989) . Studies have shown that insecticide 
resistance has developed in populations in various 
states (O'Brien et al. 1990, Grafton-Cardwell 1991). 
Certain management practices, such as scheduled 
treatments for early season pests, are believed to 
result in increased aphid populations, reportedly due to 
loss of early season beneficial insects that may 
regulate aphid populations (Isely 1946).
Studies of insecticide resistance in other aphids 
have shown the importance of understanding the 
biological variables of a particular problem species 
(Sawicki et al. 1978). The parthenogenetic mode of 
reproduction, short generation time, and winged/wingless 
polymorphism of adults of A. qossypii can all contribute 
significantly to the development and dissemination of 
insecticide-resistant genotypes. Control tactics
1
directed solely at increasing the frequency and/or rate 
of insecticides is not practical for a pest that 
possesses such characteristics.
The objectives of this dissertation are holistic in 
approach: by determining if enzymatic mechanism(s) are 
associated with organophosphate (OP) insecticide 
resistance, recommendations can be made as to 
insecticide resistance management strategies; and by 
understanding basic biological aspects of the cotton 
aphid such as reproductive biology, alternate hosts, 
temporal development of populations in cotton, and 
biotic regulating agents, better recommendations can be 
given in terms of cultural, biological, and insecticidal 
controls.
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CHAPTER 2 
REVIEW OF LITERATURE
Insecticide Resistance
Control failures of the cotton aphid in the United 
States have increased in recent years (King & Phillips 
1989). Failures attributed to insecticide resistance 
have been reported on cotton in China, particularly with 
the OP insecticides (Sun et al. 1987). In the United 
States, laboratory confirmation of insecticide 
resistance in the cotton aphid has been reported 
throughout the cotton belt (O'Brien et al. 1990a, Elzen 
1990, Grafton-Cardwell 1991). In England, Furk et al. 
(1980) determined that a greenhouse population of the 
cotton aphid was resistant to pirimicarb and that this 
population would selectively infest Chrysanthemum spp.
The mechanism(s) of insecticide resistance in the 
cotton aphid has/have only recently been addressed. 
Silver (cited in Devonshire 1989) determined that 
altered acetlycholinesterase was responsible for 
pirimicarb resistance, whereas reduced insecticide 
penetration and enhanced metabolism were not significant
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factors. The mechanism of altered acetylcholinesterase 
was specific only to pirimicarb; less than a 5-fold 
difference between enzymes in rate of inhibition by 
ethiofencarb or aldicarb was seen. Takada & Murakami 
(1988) assayed clones of the cotton aphid for 
detoxifying esterase activities, using an OP and a 
carbamate insecticide. In all clones examined, 
resistance to malathion was positively correlated with 
high esterase activity, whereas resistance to pirimicarb 
was not. They concluded that esterases were probably 
important in malathion resistance, but that other 
mechanisms were probably involved in pirimicarb 
resistance. They also reported that resistance in a 
highly resistant strain was stable up to two years in 
the laboratory without further selection. Unpublished 
rearing studies by Takada & Murakami (1988) using highly 
resistant aphids also showed that 25 out of 29 clones 
were anholocyclic (no sexuales produced) in 
photoperiodic response to sexual morph production.
Sun et al. (1987) found a relationship between 
esterases, specifically carboxylesterases, and 
resistance. They concluded that mixed function oxidases 
(MFO) were involved, but that aphid homogenates
contained an endogenous MFO inhibitor in vitro, so that 
interpretations of results were unclear. Resistant 
aphids also showed lowered acetylcholinesterase 
sensitivy to paraoxon. Mu et al. (1988) selected cotton 
aphids in the laboratory for resistance to fenvalerate, 
omethoate (dimethoate-met), and a mixture of 
fenvalerate:omethoate. Assays for cross resistance to 
candidate OP, carbamate, and organochlorine insecticides 
did not reveal significant differences. However, in 
vitro assays revealed a relationship between resistance 
and increased activities of carboxylesterases and 
oxidases. The available information thus strongly 
indicates that several mechanisms may exist for 
resistance to insecticides by the cotton aphid.
Resistance, from crude homogenates to the genetic 
level, has been studied extensively in the green peach 
aphid, Mvzus persicae (Sulzer). The green peach aphid 
has been reported to possess a single carboxylesterase 
designated E4 which is responsible for OP, carbamate, 
and pyrethroid degradation and sequestration (Devonshire 
& Moores 1982) , although more recent work indicates that 
a closely related carboxylesterase, FE4, may also be 
involved in resistance (Smith et al. 1990). As levels
of E4 increased, resistance increased accordingly. 
These studies showed that resistance was conferred by 
greater levels of E4, rather than the same amount of a 
more active form. Loss of E4 activity in some strains 
without selection pressure was spontaneous, but could be 
re-selected rapidly (ffrench-Constant et al. 1988).
Marullo et al. (1988) gave another example of 
research conducted to correlate resistance to enzyme 
activity in aphids. Quantitative tests found increased 
esterase activity for the pea aphid, Acvrthosiphon pi sum 
(Harris), that had been selected with malathion. They 
also found increased esterase activity in the cabbage 
aphid, Brevicorvne brassicae (L.), selected with 
pirimicarb. Resistance to OP insecticides in the hop 
aphid, Phorodon humuli (Schrank), was correlated with 
elevated carboxylesterase activity (Wachendorff & 
Zoebelein 1988), but was not stable without continued 
selection pressure.
Of particular concern regarding resistant insects 
is their reproductive competitiveness. Several workers 
have found that insects possessing elevated malathion- 
specific carboxylesterase levels as a mechanism of OP 
resistance have little or no reproductive disadvantages
(Abdel-Aal & Laxnpert 1991, Beeman & Nanis 1986, Lines et 
al. 1984).
Basic Biology 
Young & Garrison (1949) listed 21 mostly non­
cultivated host plants from which collections were made 
around Tallulah, La. They collected the cotton aphid 
from non-cultivated hosts every month of the year, 
except May through July, the months coinciding with 
cotton production. They also reported the cotton aphid 
present on cotton from the seedling stage until 
defoliation by frost. Boudreaux (1951) collected the 
cotton aphid from 33 different plant genera in 
Louisiana; many of those listed were horticultural 
cultivated hosts. Blackman & Eastop (1984) gave an 
extensive list of cultivated host plants on a world-wide 
basis.
The reproductive cycle of the cotton aphid is 
closely integrated with its host alternating behavior 
(Kring 1958). In general, a fundatrix develops from 
overwintering eggs on the primary plant host. She 
reproduces parthenogenetically, and all offspring are 
wingless females. These females reproduce
parthenogenetically as well, producing both winged and 
wingless females for several generations. Winged 
females then migrate to the secondary spring host 
plants. In the fall, males and special winged 
viviparous females (gynoparae) are produced on the 
secondary hosts. These gynoparae migrate to the primary 
host plant to larviposit the oviparae, and males also 
fly back to mate with these oviparae. The preceeding 
cycle is the expected sequence of events; however, Kring 
(1958) described host-alternating behavior for the 
cotton aphid that departed from this scheme. He 
recorded the total egg-to-egg cycle as completed 
exclusively on the primary host (Catalpa biqnoides Walt, 
or Hibiscus svriacus L.). Both males and females were 
produced on the primary host, even though Hibiscus is in 
the same family as the presumed secondary host, 
Gossypium herbaceum (aphids usually alternate hosts 
between different plant families).
As indicated above, oviparae are usually associated 
with the primary host (generally a woody perennial plant 
species). O'Brien et al. (1990b) reported finding 
oviparae and males in cotton (grown as an annual plant 
species) in Mississippi in late November of 1989, even
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though early workers assumed that sexual forms of the 
cotton aphid (males, oviparae) did not occur in the 
southern United States (Paddock 1919, Isely 1946). The 
cotton aphid was demonstrated to accept cotton as a 
suitable host for egg oviposition (Moritsu 1959). 
Additionally, at least one other aphid species present 
in the Mid-South, the blackmargined aphid, Monellia 
carvella (Fitch), was reported to produce sexuales 
locally on pecan trees (Tedders 1978).
Kring (pers. comm.) questioned whether southeastern 
sexuales originated from local populations or were the 
offspring of migrants from northern latitudes, where 
Kring (1958) demonstrated sexuales were produced. 
Collections of aphids for four years in water pan traps 
around Trifolium spp. revealed that greatest flight 
activity of the cotton aphid was from September through 
November, with the highest period being in November 
(Ellsbury et al. 1988). Spring flight activity was 
lower, with activity generally initiated in March/April. 
In high altitude collections made by Glick (1939) from 
1926 to 1931 over Tallulah, La., only eight cotton 
aphids were collected at altitudes from 200 to 13,000
11
feet, and all of these were found only in the spring 
months.
The cotton aphid on cotton seedlings completes four 
nymphal instars, as described by Akey & Butler (1989). 
They determined the optimal developmental temperature 
was 27.5°C with a developmental time of five days, and 
fecundity was optimal at 25°C.
Other Species of Aphids in Cotton 
Young & Garrison (1949), in collections from 1941 
through 1947, collected the following species on cotton 
around Tallulah, La.: Aphis qossvpii Glover, Aphis
medicaginis Koch (most U.S. records of A. medicaqinis 
are probably Aphis craccivora Koch [Smith & Parron 
1978]), Macrosiphon pisi (Kaltenbach) (= Acvrthosiphon 
pi sum [Harris]), Macrosiphum solanifolii (Ashmead) (= M. 
euphorbiae [Thomas]), Mvzus persicae (Sulzer), and 
Rhopalosiphum subterraneum Mason (= R. rufiabdominalis 
[Sasaki]). Boudreaux (1951) reported three aphid 
species on cotton, one of which, Aphis spiraecola. was 
not previously reported. On a world-wide basis, 
Blackman & Eastop (1984) listed the following species of 
aphids from cotton: Acvrthosiphon qossvpii Mordvilko,
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Aphis craccivora Koch, Aphis fabae Scopoli, Aphis 
qossvpii Glover, Aphis maidiradicis (Forbes), 
Macrosiphum euphorbiae (Thomas), Mvzus persicae 
(Sulzer), Rhopalosiphon rufiabdominalis (Sasaki), and 
Smvnthurodes betae Westwood. Smvnthurodes betae occurs 
only in the northern and western United States, and 
Acvrthosiphon qossvpii does not occur in the United 
States.
Population Dynamics and Regulation 
Population development of A. qossvpii in cotton was 
studied by Slosser et al. (1989), who concluded that 
population outbreaks were due to combined plant and 
climatic conditions, regardless of the presence of early 
season beneficials. Wellings & Dixon (1987) , in a 
review of published work on the causes of aphid 
outbreaks, concluded the major factors contributing to 
outbreaks were the number of initial immigrants and 
favorable environmental conditions for rapid 
reproduction. They further stated that the effects of 
beneficials in regulating the timing and peak of 
infestations were unclear. Kring et al. (1985) 
determined that aphid predators usually were ineffective
in suppressing populations in sorghum early in a season, 
assumed to be due to reduced appetence and increased 
length of larval stadia during the cooler temperatures 
of spring; coccinellids significantly suppressed aphid 
populations later in the season.
Two natural control agents that regulate mid- to 
late-season infestations of the cotton aphid in the Mid- 
South are the hymenopterous parasitoid, Lvsiphlebus 
testaceipes (Cresson), and the fungal pathogen, 
Neozvqites fresenii (Nowakowski). This parasitoid 
occurs commonly in cotton, with records of its 
widespread presence in cotton as early as 1919 (Paddock 
1919). Steinkraus et al. (1991) studied various 
morphological characteristics and the frequency of 
occurrence of N. fresenii in Mid-South cotton.
14
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CHAPTER 3
RELATIONSHIP OF CARBOXYLESTERASES TO 
INSECTICIDE RESISTANCE IN APHIS GOSSYPII 
FROM MID-SOUTH COTTON
Introduction
The cotton aphid, Aphis qossvpii Glover, has 
resurged as a pest in cotton in the United States in 
recent years (King & Phillips 1989). Large aphid 
populations may stunt and retard cotton seedling growth 
as a result of their feeding. Late-season populations 
can cause decreased fiber quality as the result of 
stickiness and development of sooty mold associated with 
honeydew dropped onto cotton fiber (Isely 1946).
Increasingly poor field control of the cotton aphid 
has been recorded for several states in the cotton belt 
(King & Phillips 1989). Laboratory tests in three 
states (Mississippi, California, Alabama) indicate that 
insecticide resistance has developed in A. qossvpii. 
particularly to the organophosphate insecticides 
(O'Brien et al. 1990, Grafton-Cardwell 1991, Kerns & 
Gaylor 1992). Development of resistance in the cotton
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aphid to several classes of insecticides, in addition to 
the organophosphates, is likely in areas such as the 
mid-southern United States in which treatments for 
several serious primary pest complexes can be numerous. 
These treatments result in increased insecticide 
selection pressure on non-target secondary pests such as 
the cotton aphid.
This study was done to quantify and partially 
describe insecticide resistance in the cotton aphid to 
four representative classes of insecticides recommended 
for aphid and other insect control in Mid-South cotton. 
The organophosphate insecticides have been most 
frequently used when aphid populations develop to 
threshold levels, but the use of organochlorine, 
carbamate, and some pyrethroid insecticides has become 
more common in recent years in the Mid-South as the 
organophosphates appeared to decline in efficacy. 
Information about possible resistance to several 
insecticide classes may be useful in developing an 
integrated pest management (IPM) program for the cotton 
aphid, as concerns about its change in status from a 
secondary to a primary pest increase.
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In several aphid species (Devonshire 1989, Abdel- 
Aal et al. 1990), esterases appear to be a significant 
factor in resistance to insecticides, especially to the 
organophosphates. Preliminary information is provided 
concerning the linked relationship of elevated 
carboxylesterase activity in the cotton aphid to two 
non-insecticidal (surrogate) substrates.
Materials and Methods 
Aphid Colonies. Aphids were collected in 1989 from 
an area where insecticides had provided poor field 
control (Elzen 1990) in cotton near Stoneville, Miss. 
These were verified by M. B. Stoetzel, Systematic 
Entomology Laboratory, USDA-ARS, Beltsville, Md., as 
Aphis qossvpii Glover. Voucher specimens were deposited 
in the Louisiana State University (LSU) Entomology 
Museum. Aphids collected from the same field in 1988 
showed significant levels of resistance to all 
organophosphate insecticides tested (chlorpyrifos, 
dicrotophos, and oxydemeton-methyl), but not to an 
organochlorine (endosulfan) or pyrethroid (bifenthrin) 
tested (O'Brien et al. 1990). Aphids collected in 1989 
were designated the 1989 field colony and were reared in
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the greenhouse on double-caged 'Stoneville 213' cotton 
(untreated seed). The greenhouse had ambient 
temperature and humidity and a photoperiod of 16:8 
(L:D) .
A colony of susceptible aphids was established from 
a known susceptible colony collected in 1988 from 
Earlimart, Calif. They also were verified as A. 
qossvpii and voucher specimens were deposited with the 
LSU Entomology Museum. Because previous bioassays with 
aphids in 1988 showed that resistance to the 
organophosphates profenofos and phosphamidon was stable 
up to 8 months in culture with no insecticide exposure 
(P. J. O'B., unpublished data), aphids tested in this 
study were held for approximately 7 months in culture 
with no insecticide exposure.
These colonies were again tested for insecticide 
resistance 12 months after initial colony establishment 
(5 months after the first bioassay was conducted). 
Wingless adult females of similar size and yellow color 
were used for all experiments.
Leaf Dip Bioassay. A leaf dip assay was used to 
compare the toxicity of several insecticide classes to 
the laboratory susceptible colony and field colony.
Cotton terminals from greenhouse cotton were dipped in 
an aqueous solution of formulated insecticide plus 0.1% 
Tween 20 (Fisher Scientific, Orangeburg, N. Y.) as a 
surfactant, swirled for 3 0 s, and allowed to air dry at 
room temperature approximately 30 min before 
infestation. Control terminals were dipped in distilled 
water-surfactant solution only. Terminals were placed 
in florists' water wicks filled with distilled water. 
Aphids were placed in ventilated clip cages which were 
then attached to individual leaves so that aphids were 
positioned on the abaxial leaf surface. Infested 
terminals were held for 24 h in a ventilated room at 27 
± 3°C and approximately 50% RH. Aphid mortality was 
then assessed with a binocular microscope. An aphid was 
considered dead if it was incapable of normal forward 
movement.
Three insecticide classes were tested on the 
susceptible and 1989 field colony with the leaf dip 
assay. The organophosphate chlorpyrifos (Lorsban 4EC, 
DowElanco Co., Indianapolis, Ind.), the pyrethroid 
bifenthrin (Capture 2EC, FMC Corp., Princeton, N. J.), 
and the organochlorine endosulfan (Thiodan 3 EC, FMC 
Corp., Princeton, N. J.) were tested at the
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discriminating concentrations estimated by Grafton- 
Cardwell (1991) and reported in O'Brien et al. (1990). 
Discriminating concentrations of formulated chemicals 
used were 300 ppm for chlorpyrifos, 10 ppm for 
bifenthrin, and 300 ppm for endosulfan. These 
concentrations caused approximately 90% mortality of 
susceptible aphids.
Five to eight replications of 10 aphids each were 
conducted for each insecticide. Resulting percent 
mortality data were transformed by the arcsine equation 
and analyzed within a treatment date by analysis of 
variance (SAS Institute 1988). Mean mortality of 
susceptible and 1989 field colony aphids for each 
insecticide within a treatment date was compared with an 
a priori least significant difference (LSD) pairwise 
comparison test (Sokal & Rohlf 1981). Comparisons of 
change of mean mortality of 1989 field colony aphids 
between time periods for each insecticide were done with 
unpaired t tests.
In addition, cultures were derived from the 1989 
field colony and the susceptible colony; these were used 
to determine the ratio of resistance for chlorpyrifos 
and for further biochemical studies. The 1989 field
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clonal colony was derived from a single female from the 
polyclonal 1989 field colony that had survived a 
discriminating concentration of chlorpyrifos. The 
susceptible clonal colony was derived from a single 
female chosen at random from the polyclonal susceptible 
colony.
Eight concentrations of chlorpyrifos were used in 
the leaf dip bioassay. Each concentration was 
replicated 3-4 times with eight aphids per replicate. 
Resulting mortality after 24 h for each colony was 
transformed by probit analysis (written by T. Sparks, 
DowElanco, Greenfield, Ind.), and the LC10, LC50, and 
LC90 values generated were used to determine resistance 
ratios between colonies at these levels. Significance 
of difference in LC values was determined by failure of 
95% confidence limits (CL) to overlap. The failure of 
standard errors of slope values to overlap was used as 
a criterion to determine significant difference in slope 
values for the two colonies. Resistance ratios were not 
determined for endosulfan or bifenthrin because 
significant loss of resistance had occurred at the time 
of initiation of clonal colonies.
Soil Bioassay. Aphids also were tested for 
resistance to the systemic carbamate insecticide 
aldicarb (Temik 15G, Rhone-Poulenc Ag. Co., Research 
Triangle Park, N. C.) with a different assay. Cotton 
plants were grown to the second true leaf stage in a 
soil-vermiculite mixture in 10.2 cm diameter plastic 
pots, and then infested with either susceptible or 1989 
field colony aphids. Caged aphid populations were 
allowed to increase in number for 1 week on plants in 
the greenhouse and then counted immediately before 
treatment. The assay was done 7 months after 1989 field 
colony aphids had been collected from the field.
Preliminary laboratory experiments showed that a 
concentration of 0.25 mg technical grade aldicarb per 30 
ml of solution per pot discriminated between susceptible 
and 1989 field colony aphids. Technical grade aldicarb 
was dissolved in 10 ml spectral grade acetone and 
brought up to 1 liter with distilled water; 1 ml Tween 
20 was added. The control solution consisted of acetone 
and Tween 20 in 1 liter distilled water. Test or 
control solutions were poured into each pot immediately 
after the number of aphids per pot was counted, and each 
pot was individually caged with organdy cloth and placed
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in a randomized block design on a greenhouse table. 
Temperatures fluctuated from a daytime high of 39°C to 
a nightime low of 15°C; RH ranged from a daytime low of 
20% to a nightime high of 95%. After 48 h, numbers of 
aphids per pot were counted, and percentage survival was 
calculated.
Ten replications (pots) of four treatments 
(susceptible with aldicarb, susceptible control, field 
colony with aldicarb, field colony control) were 
arranged in a randomized block design on a greenhouse 
table. Change in aphid numbers within each treatment 
was compared at time 0 versus time 48 h with a paired t 
test. Percentage survival of susceptible and 1989 field 
colony aphids after 48 h of exposure to aldicarb was 
compared with a paired t test, after arcsine 
transformation.
Carboxylesterase Assay. Carboxylesterase activity 
of clonal susceptible and clonal 1989 field colony 
aphids was tested colorimetrically according to the 
procedure originally developed by Gomori (1953). This 
method was adapted for insects by van Asperen (1962) and 
specifically used for aphids by Devonshire (1977). 
Fifty wingless adult females of similar size and color
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were frozen at -70°C and later homogenized in 500 /il of 
0.02M sodium phosphate buffer (pH 7.0). The buffer 
contained 0.15% Triton X-100 (Sigma Chemical Corp., St. 
Louis, Mo.). The homogenate was then centrifuged at 
10,000 x g for 15 min. A 50 /il aliquot was taken from 
the stock homogenate and diluted up to 1,000 /il with the 
buffer. The substrate solution was made by dissolving 
20 mg of either a-naphthyl acetate (ANA) or 0-naphthyl 
acetate (BNA) (Sigma Chemical Corp., St. Louis, Mo.) in 
1 ml acetone and the volume was brought up to 15 ml with 
phosphate buffer. A mixture of 25 /il diluted 
homogenate, 900 /il phosphate buffer with Triton X-100, 
and 75 /il substrate was allowed to react at 27°C for 10 
min. After 10 min incubation of the substrate with the 
aphid homogenate, 100 /il of Fast Blue #4 (Aldrich 
Chemical Co., Inc., Milwaukee, Wis.; 75 mg dye dissolved 
in 7.5 ml distilled water) and 17.5 ml 5% sodium dodecyl 
sulfate (Bio-Rad Inc., Richmond, Calif.) were added to 
stop the reaction and solubilize the naphthol-diazo 
colored precipitate. Fifteen minutes later the
absorbance was read at 605 nm for ANA or at 550 nm for 
BNA, with a Beckman Model 35 double beam 
spectrophotometer (Beckman Instruments Inc., Scientific
Instruments Division, Irvine, Calif.). Incubation time 
and protein concentration were adjusted such that 
measurements were made of linear, initial velocities. 
Ten replicates each of clonal susceptible and clonal 
1989 field colony aphids were run for both substrates. 
Differences in mean activity (expressed as activity per 
aphid equivalent per 10 min) were compared by unpaired 
t tests. Clonal 1989 field colony aphids were assayed 
14 months after collection of the parent polyclonal 
colony from the field.
Electrofocusing of Aphid Carboxylesterases. 
Because insecticide resistance in the cotton aphids from 
this study was linked to higher carboxylesterase 
activity, the banding patterns of carboxylesterases 
hydrolyzing ANA and BNA after their separation on a wide 
range (pH 3.5-9.5) isoelectric focusing gel was 
investigated. Individual wingless adult females of 
similar size and color were homogenized in 20 /il of 
0.02M sodium phosphate buffer (pH 7.0, containing 0.15% 
Triton X-100) . Ten /il of each homogenate were applied 
to individual lanes of a pre-cast Pharmacia LKB 
Ampholine PAG-PLATE polyacrylamide gel (pH 3.5-9.5, 5% 
acrylamide; Pharmacia Inc., Piscataway, N. J.) and then
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focused for 1.5 h at 25 Watts. Focused samples were 
stained for carboxylesterase activities by incubating 
the gel with a substrate mixture of ANA and BNA {0.02 g 
of each substrate dissolved in 1 ml ethanol and diluted 
up to 200 ml with sodium phosphate buffer, 0.02M, pH 
7.0) for approximately 15 min. Naphthols released were 
visualized with Fast Blue #4 (0.26 g in 200 ml distilled 
water).
Results and Discussion 
Significantly higher (F = 25.59; df = 5, 30; P < 
0.01) proportions of 1989 field colony individuals 
survived the discriminating concentrations of the three 
insecticides tested after approximately 7 months in 
culture with no insecticide exposure, compared to 
susceptible individuals (Table 3.1.) In a previous 
study with aphids collected from the same field in 1988, 
the proportion of phenotypes exhibiting resistance to 
bifenthrin or endosulfan was not significant (O'Brien et 
al. 1990).
Reduced effectiveness of the organophosphate 
insecticides has been consistent over the past several 
years (O'Brien et al. 1990, Elzen 1990). One report of
Table 3.1. Percent mortality of susceptible and 1989 
field colony aphids exposed to three insecticides
Insecticide
^Classes) Colonv
Months 
7 12
Bifenthrin Susceptible 91.3 a 95.7 a
(Pyrethroid) 1989 Field 21.7 b 78.4 b *
Chlorpyrifos Susceptible 96.1 a 97.1 a
(Organophos.) 1989 Field 28.9 b 39.1 b
Endosulfan Susceptible 92.0 a 98.5 a
(Organochlor.) 1989 Field 32.7 b 48.3 b *
Column values within an insecticide treatment
followed by different letters are significantly 
different (arcsine transformation; a priori LSD pairwise 
comparisons [Sokal & Rohlf 1981]; P < 0.05). In a row, 
values followed by an asterisk are significantly 
different (arcsine transformation; unpaired t tests; 
bifenthrin t = 4.58, df = 10; chlorpyrifos t = 0.50, df 
= 13; endosulfan t = 3.24, df = 10; overall P < 0.05). 
Actual percentage data shown.
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field efficacy of endosulfan, however, indicated less 
than optimal activity in 1989 in the same field from 
which the 1989 field colony was collected (Elzen 1990). 
Apparently the resistance status of the cotton aphid has 
changed over time from resistance just to the 
organophosphates to a more broad resistance to several 
classes of insecticides.
The results of the second series of leaf dip 
bioassays at 12 months after colony establishment 
(approximately 5 months after the first bioassay) again 
indicated a significant proportion of resistant 
individuals in the 1989 field colony to all three 
classes tested (F = 17.00; df = 5, 36; P < 0.01), but 
this proportion of resistant phenotypes declined 
significantly for the pyrethroid and organochlorine 
tested (Table 3.1.). Decline was greatest for 
bifenthrin, as indicated by a change from 21.7 to 78.4% 
mortality. Resistance to chlorpyrifos declined, but not 
significantly. In a review on insecticide resistance, 
Roush & McKenzie (1987) stated that resistance in aphids 
can be stable for up to 30 generations without selection 
pressure. Given a mean generation time of approximately 
5 d for the cotton aphid at an optimal temperature of
27.5°C (Akey & Butler 1989), 7 months and 12 months
represent approximately 42 and 60 generations, 
respectively. Data reported in Table 3.1. suggest that 
resistance to chlorpyrifos was relatively stable in the 
cotton aphid for up to 60 generations under laboratory 
conditions. Similar results have also been reported by 
Takada & Murakami (1988) for a resistant laboratory 
strain of the cotton aphid from Japan. However, 
resistance to endosulfan and particularly bifenthrin as 
shown in Table 3.1. was relatively less stable. Such 
differing rates of decline of resistance suggest that 
multiple mechanisms may account for resistance seen for 
these three insecticides, rather than a single mechanism 
that confers cross-resistance.
Comparisons of concentration-mortality responses to 
chlorpyrifos of clonal susceptible and clonal 1989 field 
colony aphids indicated significant differences in 
concentration-mortality estimated values, based on non­
overlap of 95% CL (Table 3.2.). The slope of the line 
for the clonal 1989 field colony was also significantly 
greater than the slope of the clonal susceptible line, 
as determined by non-overlap of slope standard error 
values (Table 3.2.), indicating higher homogeneity of
Table 3.2. Responses of clonal susceptible and 1989 field colony aphids to 
chlorpyrifos
Colonv n
Slope 
(SEM)
LC10 
(95% CL)
LC50 
(95% CL)
LC90 
(95% CL)
Susceptible 132 3.7 28.0 62.3 138.5
(0.73) (17.9-35.9) (50.3-84.0) (98.2-282.5)
1989 Field 150 6.8 176.1 272.1 420.3
(0.71) (97.1-237.6) (198.0-424.7) (302.6-1012.6)
LC values expressed in ppm.
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the clonal field colony aphids in response to 
chlorpyrifos compared to the susceptible clonal aphids. 
High homogeneity in the resistant clonal line may 
indicate that stable resistance to this compound was due 
to the absence of individuals with high insecticide 
susceptibility.
Resistance to the systemic carbamate aldicarb was 
also detected (Table 3.3.). In the laboratory assay, 
0.04% survival of susceptible aphids exposed to aldicarb 
was found, compared with the significantly greater (t = 
7.57, df = 9, P < 0.01) 18.9% survival of the 1989 field 
colony aphids when exposed to aldicarb. In addition, 
the percentage increase in the untreated populations 
after 48 h indicated a higher multiplicative potential 
in resistant aphids (95.25% increase in total number of 
aphids) than in susceptible aphids (74.6% increase in 
total number of aphids). Higher reproductive capacity 
in resistant populations is common in other species of 
aphids (Lampert & Dennis 1987).
Results of spectrophotometric analyses of 
carboxylesterases indicated significantly higher enzyme 
activity per aphid equivalent in the clonal 1989 field 
colony aphids compared with susceptible aphids (Table
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Table 3.3. Mean numbers of susceptible and 1989 field 
colony aphids exposed to aldicarb
Susceotible 1989 Field
Time fh) Control Aldicarb Control Aldicarb
0 455.1 a 846.8 a 423.6 a 545.4 a
48 794.5 b 0.3 b 827.1 b 103.0 b
% change +74.60 -99.96 +95.25 HH•HCO1
Column values followed by different letters are
significantly different (paired t tests, df = 9 for 
each: susceptible control t = 5.3; susceptible with 
aldicarb t = 9.3; field control t = 6.4; field with 
aldicarb t = 4.9; overall P < 0.01).
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3.4.). An approximately 2.5-fold difference in 
carboxylesterase activity between susceptible and 1989 
field colony aphids was observed for both substrates.
Results of isoelectric focusing of 
carboxylesterases showed both quantitative and 
qualitative differences in banding patterns of clonal 
susceptible and 1989 field colony aphids (Fig. 3.1.). 
In field colony aphids, the presence of additional bands 
that were not seen in susceptible aphids suggests unique 
carboxylesterases may be a causal mechanism of 
insecticide resistance, whereas the increased expression 
of bands of similar pi values suggest that gene 
amplification may also be a causal mechanism of 
resistance. Susceptible individuals exhibited similar 
or even identical esterase banding patterns. However, 
except for one individual tested (see lane #9, Fig. 
3.1.), all the tested individuals from the 1989 field 
colony had one pattern that was different in intensity 
of expression of co-migrating bands from that of the 
susceptible phenotypes. Although the toxicological role 
and genetic nature of these isoenzymes remain unclear, 
esterase five appears to be the most diagnostic locus of
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Table 3.4. Mean esterase activity between susceptible 
and 1989 field colony aphids
Substrate Colonv n Ootical Density
a-Naphthyl Susceptible 10 0.232 a
Acetate 1989 Field 10 0.579 b
/J-Naphthyl Susceptible 10 0.248 a
Acetate 1989 Field 10 0.646 b
Column values within a substrate comparison followed 
by different letters are significantly different (t for 
ANA = 16.7, df = 9; t for BNA = 34.71, df = 9; overall 
P < 0.01).
Optical density is expressed per aphid equivalent per 
10 min reaction time.
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Fig. 3.1. Carboxylesterase banding patterns in homogenates from individual cotton 
aphids, resistant (odd numbered lanes) and susceptible (even numbered lanes), u 
following wide-range (pH 3.5-9.5) isoelectric focusing. 03
39
insecticide resistance in this species. This locus is 
apparently missing in the susceptible genotype.
Hydrolases (esterases) and altered 
acetylcholinesterases may thus be the major mechanisms 
of metabolic resistance in the organophosphat e-resist ant 
clonal 1989 field colony. Although the clonal field 
colony was not assayed for resistance to aldicarb or 
bifenthrin, esterases also may be involved in resistance 
to these two compounds containing ester linkages in 
their structures; altered acetylcholinesterases may also 
be involved in aldicarb resistance, due to its mode of 
action of inhibition with normal acetylcholinesterase 
activity. The exception is endosulfan, which does not 
have an ester linkage as part of its structure and does 
not react directly with acetylcholinesterase, suggesting 
a possible third mechanism of resistance for this 
compound. Among the insecticides tested for resistance 
stability, only chlorpyrifos is considered to interfere 
with acetylcholinesterase activity. Genetic fixation of 
alleles for altered acetylcholinesterase, unresponsive 
to effects of chlorpyrifos, may be the result of aphid 
parthenogenetic reproduction, in which meiotic 
recombination is unlikely (Blackman 1978). This
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fixation may explain, at least in part, the stable 
resistance of chlorpyrifos.
In investigations on mechanisms of insecticide 
resistance in the cotton aphid, Takada & Murakami (1988) 
found that resistance to the organophosphate malathion 
was positively correlated with high esterase activity, 
whereas resistance to the carbamate pirimicarb was not. 
Sun et al. (1987) demonstrated that the combination of 
elevated carboxylesterase activity and lowered 
acetylcholinesterase sensitivity was correlated with 
organophosphate resistance. These reports, together 
with data presented herein, support the hypothesis that 
resistance in the cotton aphid may be through multiple 
mechanisms rather than cross-resistance from a single 
enzymatic mechanism as demonstrated for the green peach 
aphid, Mvzus persicae (Sulzer) (Devonshire & Moores 
1982) .
Data from this study indicate that at least one 
population of the cotton aphid has developed resistance 
to representative insecticides from all classes of 
insecticides presently recommended for its control in 
the Mid-South United States, but that resistance to the 
organophosphate class appears relatively stable.
Because the great majority of insecticides recommended 
for control of the cotton aphid in the Mid-South are 
organophosphates, this stability may be quite serious. 
Resistance to the organophosphate chlorpyrifos was not 
very high, as seen from the signficant 4-fold resistance 
ratio at the LC50 level demonstrated between clonal 
susceptible and 1989 field colony aphids (Table 3.2.). 
However, characteristics of the life cycle including 
short generation time, parthenogenetic reproduction, and 
preference for abaxial leaf surfaces where protection 
from insecticide contact likely occurs may exacerbate 
such relatively low resistance by increasing numbers of 
resistant individuals, possibly explaining widespread 
and persistant field control problems. The association 
of carboxylesterases with insecticide resistance 
suggested in this study is similar to results found in 
other investigations of resistance in aphids (Devonshire 
1977, Sun et al. 1987, Takada & Murakami 1988, 
Wachendorff & Zoebelein 1988, Abdel-Aal et al. 1990). 
Insecticide resistance in the green peach aphid has been 
perhaps the most intensively studied case of resistance 
in aphids (see Devonshire [1989] for review). In this 
species a single esterase or possible pair of esterases
appear to be responsible for broad resistance to 
organophosphate, carbamate, and pyrethroid insecticides. 
The differences in banding pattern and in expression of 
co-migrating bands observed in this study between 
susceptible and resistant cotton aphids (Fig. 3.1.) tend 
to suggest preliminarily that both altered 
carboxylesterases and gene amplification may be 
associated with insecticide resistance in the cotton 
aphid. Whether these isoenzymes are specifically 
responsible for the hydrolytic detoxification of the 
insecticidal esters tested (i. e. chlorpyrifos, 
bifenthrin, and aldicarb) or have a general 
sequestration action was not tested.
In efforts to devise strategies to deal with 
insecticide resistance in cotton aphid populations, 
possible multiple mechanisms of resistance to several 
insecticide classes suggest that alternation of classes 
within-season may prove helpful. For example, as 
resistance to an organophosphate is suspected, switching 
to a different class such as endosulfan, for which the 
possible mechanism of resistance has not been selected, 
may allow successful control. However, a more thorough 
understanding of the basic biology and population
dynamics of the cotton aphid may also be helpful to more 
effectively manage resistance in the cotton aphid. Such 
information may improve timing of insecticide 
applications and also allow utilization of potential 
cultural and biological controls to complement and 
perhaps reduce the use of insecticides to control the 
cotton aphid. These aspects are currently under 
investigation for use in improving IPM strategies and 
resistance management for the cotton aphid.
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CHAPTER 4
INSECTICIDE RESISTANCE AND REPRODUCTIVE BIOLOGY OF
APHIS GOSSYPII
Introduction
The cotton aphid, Aphis qossvpii Glover, has in 
recent years resurged as an important pest throughout 
the cotton belt of the United States (King & Phillips 
1989). Certain insecticides, such as calcium arsenate 
used through the 1940's (Isely 1946) and pyrethroids in 
recent years (King & Phillips 1989), have been shown to 
induce outbreaks, generally believed to be through loss 
of early season beneficial insects. Large populations 
also may be in part due to the development of 
insecticide resistance (O'Brien et al. 1990, Grafton- 
Cardwell 1991), particularly to the organophosphate (OP) 
insecticides.
Studies of insecticide resistance in aphids have 
demonstrated the importance of attempting to understand 
the biological variables of a problem species (Sawicki 
et al. 1978). Very rapid increases of resistant 
populations, sometimes after only a few insecticide
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applications, is a major concern in field control 
failure situations. Because resistant populations in 
laboratory colonies appear capable of rapid reproduction 
in the absence of insecticides (O'Brien et al. in 
press), the present study was initiated to quantify 
insecticide resistance in the cotton aphid and to 
compare reproductive output between OP resistant and OP 
susceptible aphids. This information could provide a 
better understanding of the increases of OP resistant 
populations and perhaps also provide better 
recommendations for managing insecticide resistance of 
the cotton aphid in the Mid-South.
Materials and Methods 
Aphids. Aphids for all assays were taken from 
laboratory colonies that had been in continuous 
greenhouse culture for 12 months without exposure to 
insecticides. The resistant clonal colony was initiated 
from a single viviparous female taken from a non-clonal 
colony, which was collected in 1989 from the site of a 
field control failure on the Delta Branch Experiment 
Station at Stoneville, Miss. Positive identification of 
the original aphid collection as Aphis qossvpii Glover
was provided by M. B. Stoetzel (Systematic Entomology 
Laboratory, ARS-USDA, Beltsville, Md.), and voucher 
specimens were deposited at the Louisiana State 
University (LSU) Entomology Museum. Because of 
difficulties in collecting insecticide-susceptible 
aphids from cotton in the Mid-South, the susceptible 
clonal colony was initiated from a single viviparous 
female taken from a non-clonal colony that was obtained 
from E. E. Grafton-Cardwell in January 1990 from the 
University of California at Davis. Positive
identification of these susceptible aphids as A. 
qossvpii Glover was also provided by M. B. Stoetzel, and 
voucher specimens were deposited with the LSU Entomology 
Museum. Both resistant and susceptible colonies were 
reared in the same greenhouse on double-caged 
'Stoneville 213' cotton, under artificial lights of 16:8 
L:D photoperiod and ambient temperature and humidity.
Verification of Insecticide Resistance. Log 
concentration-mortality lines for the OP malathion (5EC, 
Red Panther Chemical Co., Clarksdale, Miss.) were 
estimated for both clonal colonies using a leaf dip 
residual assay. Susceptible aphids were tested with 
concentrations of 30, 50, 100, 150, and 300 ppm;
resistant aphids were tested with a higher range (100, 
300, 400, 500, and 600 ppm) to more precisely estimate 
the concentration-mortality values. Desired
concentrations were prepared by weighing formulated 
material (mg) and then diluting with distilled water 
plus 0.1% (v:v) Tween 20 surfactant up to l liter.
Control solutions consisted of 0.1% Tween 20 plus 
distilled water only. Four replicates of 10 adult 
wingless females per replication, with each female of 
similar size and light yellow color, were assayed at 
each concentration. Resulting percent mortality was 
analyzed using a probit computer program (written by T. 
Sparks, DowElanco, Greenfield, Ind.), and significance 
was determined by non-overlap of 95% confidence limits.
Reproduction of OP Susceptible and OP Resistant 
Aphids. Daily and total reproductive output was 
determined by the use of a greenhouse assay. One nymph 
(last instar, pre-winged) from each clonal colony was 
placed on a cotyledon of a single cotton plant using a 
camel hair brush and caged with a ventilated clip cage. 
Each female was checked daily for emergence as a winged 
adult and thereafter for the number of offspring 
larviposited each 24 hour period. All offspring were
removed after counting. Daily output for each female 
was recorded until the death of the female. Females 
within a test were caged on 'Stoneville 213' cotton of 
the same age, and females were transferred to fresh 
cages on the same plant as sooty mold became heavy 
within the cage. All plants within a test were watered 
on the same day with a commercial 20-20-20 fertilizer 
solution (1-2 times per week). Overhead lights provided 
a 16:8 L:D photoperiod, and an evaporative cooling 
system was set to activate if temperatures exceeded 
29°C. Actual temperatures and humidities among the 
plants, as recorded by an hygrothermograph, were an 
average daytime temperature of 29 ± 3°C and humidity of 
48 ± 11% RH, and an average nighttime temperature of 16 
± 4°C and humidity of 95 ± 5% RH. A preliminary test 
using a randomized block design found no advantage to 
blocking on temperature gradients, so the individual 
infested plants in 10.2 cm pots were arranged in a 
completely randomized design on a single greenhouse 
table. A total of 6 to 10 individuals from each colony 
were assayed per test, and each test was replicated four 
times, resulting in a total of 30-31 individuals from 
each colony tested for the entire experiment. Data from
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all replications were pooled and peak reproductive 
periods and total life span output of OP resistant 
versus OP susceptible aphids were compared using a 1- 
tailed two sample unpaired t test for each comparison.
Results and Discussion 
After 12 months without insecticide exposure, OP 
resistance was significantly higher for the resistant 
colony compared to the susceptible colony, as evidenced 
by the non-overlap of the 95% confidence limits at the 
LC50 estimations (Table 4.1.). Additionally, the very 
steep slope of the concentration-mortality line for the 
resistant colony suggests that resistance to malathion 
was quite homogeneous in the population. Stability of 
OP resistance in laboratory colonies of the cotton aphid 
was reported previously by Takada & Murakami (1988) and 
suggests that in the field OP resistance may become 
fixed in a population with no associated disadvantages. 
This observation is supported by actual field experience 
in recent years, in which OP's generally are relatively 
ineffective both within and across seasons, and OP 
resistant populations do not decline as would be 
expected if resistant insects were reproductively
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Table 4.1. Response of OP susceptible and OP resistant 
cotton aphids to malathion
Colony_______ LC50(ppm) Resistance Ratio Slope SE
Susceptible 53.9 --  1.8 0.37
(29.6-74.1)
Resistant 379.0 7.0 14.2 2.24
(353.3-398.6)
Values in parentheses are 95% confidence limits.
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disadvantaged. Experiments conducted in California also 
demonstrated that OP resistance is present in the cotton 
aphid collected from weeds prior to the cotton season, 
indicating that resistant populations are capable of 
maintaining resistance during overwintering stresses 
(Grafton-Cardwell, pers. comm., University of California 
at Davis).
Graphical representation of total production showed 
a trend for greater reproductive output by both 
susceptible and resistant aphids early in life (Fig.
4.1.), which is considered to be characteristic of 
winged aphids in general (Dixon 1987). Analysis of total 
progeny production indicated no significant difference 
between susceptible and resistant aphids (Table 4.2.). 
However, when the cumulative reproduction for the first 
two days is considered separately, resistant aphids were 
found to produce significantly more offspring (P < 0.05) 
during this interval than susceptible aphids (Table
4.2.). Although the susceptible colony produced
significantly more (P < 0.05) offspring during the
period of days 10 through 15 and showed slight peaks on 
days 18 and 24-25 compared to the resistant colony, it 
has been shown that the more offspring an individual
Mean No. Offspring
3 .5
2 .5
1 .5
0 .5
0 5 10 20 3 515 2 5 3 0
Day
Susceptible +  Resistant
Fig. 4.1. Daily reproduction of OP susceptible and OP 
resistant cotton aphids.
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Table 4.2. Reproduction of OP susceptible and OP 
resistant cotton aphids under greenhouse conditions
Colonv Total Mean Initial Mean
Susceptible
Resistant
35.30 a (4.79) 
30.47 a (4.57)
3.13 a 
4.10 b
(0.41)
(0.35)
Values within a column followed by different letters 
are significantly different (P < 0.05). Values in
parentheses are standard error values. Initial mean 
value = cumulative mean reproduction of days 1 and 2 of 
adulthood.
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produces in early adulthood, as opposed to the total 
number produced over an entire reproductive life, the 
greater its contribution to the intrinsic rate of 
population increase and thus to increasing numbers in 
succeeding generations (Dixon 1987). This is
particularly true in the case of aphids, where 
generation time is very rapid (as short as 5 days for 
the cotton aphid). Further, the possibility of 
susceptible aphids realizing in the field as long a 
reproductive cycle as allowed in the present greenhouse 
study would seem unlikely, primarily due to insecticide 
use.
Thus, OP resistant cotton aphids appeared to suffer 
no overall reproductive disadvantage under these 
conditions. They gained an apparent advantage due to 
their greater early reproductive activity compared to 
susceptible aphids. Because the generation time of the 
cotton aphid is short, this advantage is exacerbated 
further and may explain the observed greater rate of 
increase in previous studies with the cotton aphid 
(O'Brien et al. in press).
Research conducted with the tobacco aphid, Myzus 
nicotianae Blackman (Abdel-Aal & Lampert 1991),
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indicated that insecticide resistance was actually 
associated with some degree of fitness advantage in the 
absence of pesticides in this aphid species, as shown by 
a greater multiplicative potential of resistant tobacco 
aphids in the laboratory compared to susceptible aphids. 
Organophosphate resistance in the tobacco aphid, as well 
as in the green peach aphid, Mvzus persicae (Sulzer) 
(Devonshire 1977), the pea aphid, Acvrthosiohon pisum 
Harris (Marullo et al. 1988) , and the hop aphid, 
Phorodon humuli Schrank (Wachendorff & Zoebelein 1988), 
is often due to increased esteratic metabolism, and in 
the case of the OP insecticide malathion, to a 
malathion-specific carboxylesterase. As shown with the 
tobacco aphid, research with the red flour beetle, 
Tribolium castaneum (Herbst), has indicated that little 
or no reproductive disadvantage is usually associated 
with malathion-specif ic carboxylesterase (Beeman & Nanis 
1986). Altered sensitivity of acetylcholinesterase and 
increased oxidative detoxification also have been 
implicated in OP insecticide resistance in the cotton 
aphid (Sun et al. 1987). Studies with mites involving 
altered acetylcholinesterase (Smissaert 1964, Helle 
1965) and with houseflies involving oxidative activity
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(Roush & Plapp 1982) have found little or no 
reproductive disadvantage associated with these 
mechanisms of resistance.
The apparent stability of OP resistance and the 
greater reproductive potential observed in this study 
may be important factors in consideration of insecticide 
resistance management in the cotton aphid. Based on 
these results, an assumption of renewed OP efficacy 
after an interval of reduced or no OP selection within 
a season following a control failure may be erroneous. 
Further, continuous use of one compound exhibiting poor 
performance may select not only for greater resistance 
but also for higher reproduction during early adulthood. 
Therefore, a strategy of rotation of different classes 
of insecticides, careful scouting, and recognition of 
biotic controlling factors such as beneficial insects 
and diseases may prove the most helpful in managing 
populations and resistance in the cotton aphid.
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CHAPTER 5
FIELD BIOLOGY STUDIES OF THE COTTON APHID, 
APHIS GOSSYPII
Introduction
The occurrence of insecticide resistant insect 
pests in cotton has been extensively documented, 
particularly for the tobacco budworm, Heliothis 
virescens (F.) (Sparks 1981, Leonard et al. 1988, Elzen 
et al. in press). In recent years, however, the cotton 
aphid, Aphis qossvpii Glover, has resurged as an 
economic pest, and field control problems have been 
associated with insecticide resistance (O'Brien et al. 
1990a, Grafton-Cardwell 1991).
Traditionally when labelled insecticide rates begin 
to fail, common field practice is to increase the 
insecticide rates and application frequency in an 
attempt to achieve control. Avoidance of this strategy 
is particularly important with the cotton aphid, where 
increased insecticide use for its control may 
inadvertantly select for further resistance in the more 
economically serious tobacco budworm. In situations
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such as this, cotton production would be well served by 
observing the concepts of integrated pest management 
(IPM) and insecticide resistance management (IRM) , which 
call for an understanding of the basic biology and 
population dynamics of a pest in order to provide 
effective control with chemical and non-chemical means 
(Phillips et al. 1989, Graves et al. 1991).
Therefore, several studies were initiated on the 
population dynamics and biology of the cotton aphid to 
improve IPM and IRM recommendations for Mid-South cotton 
production. These studies focused on the alternate 
hosts, movement (flight), species of aphids infesting 
cotton, distribution of aphids on cotton plants, and 
biological control agents in relation to the cotton 
aphid as a pest of cotton in the Mid-South.
Materials and Methods 
Alternate Host Plants. Cotton aphid colonization 
on non-cultivated hosts before, during, and after the 
cotton-growing season was assessed by weekly sampling of 
weeds throughout 1990 and in early 1991. Non-cultivated 
plants in the vicinity of fallow and planted cotton 
fields were sampled throughout the year in Washington
and Bolivar Counties, Miss., and occasionally in East 
Baton Rouge and Franklin Parishes, La. Plants were 
sampled by either direct visual inspection or by 
removing whole individual plants from the soil and 
shaking each one into a standard (38.1 cm diameter) 
muslin sweep net. A minimum of 30 inspections or sweeps 
were made for each plant species sampled per collection 
date. Plants were sampled during the entire growth 
period for each plant species as best as possible. All 
aphids were placed in 70% ethyl alcohol, and slide 
mounts were made of key specimens for verification as 
the cotton aphid. Vouchers were deposited in the 
Louisiana State University (LSU) Entomology Museum. 
Host plants supporting populations of the cotton aphid, 
(i.e. on which immatures were found with non-winged 
adults), were identified by Dr. L. M. Urbatsch, 
Professor of Botany, (LSU), Baton Rouge, and deposited 
as voucher specimens in the LSU Herbarium.
Population Fluctuations and Within-Plant 
Distribution in Cotton. Cotton aphid population 
fluctuations were followed in cotton by season-long 
sampling in 1990 and 1991. Two fields located at 
Stoneville and Greenville in northwest Mississippi were
sampled from seedling emergence to post-harvest frost. 
A 1.2 ha portion of a 13 ha field located at Stoneville, 
designated Stoneville Field, was planted with 'DES 119' 
cotton on 2 May in 1990 and on 13 May in 1991. A 1.2 ha 
portion of a 20.2 ha field located 16.1 km west of 
Stoneville Field was designated Greenville Field, and 
was planted with 'DPL 50' cotton on 30 April in 1990 and 
on 4 April in 1991. In 1990, Stoneville Field was 
irrigated on 8 July, and Greenville Field received no 
irrigation. In 1991, neither field was irrigated, and 
above-average rainfall occurred throughout the Mid- 
South .
In 1990, Stoneville Field was planted with 
acephate-treated seed (181.8 g/cwt.), and it was later 
treated with foliar applications of dicrotophos 8 EC 
(0.22 kg [AI]/ha; E. I. DuPont de Nemours, Inc., 
Wilmington, Del.) on 17 May for thrips, Thrips spp. and 
Frankliniella spp., control and dicrotophos 8EC (0.22 kg 
[AI]/ha) plus methyl parathion 4EC (0.14 kg [AI]/ha; 
Monsanto Chemical, St. Louis, Mo.) on 6 June for plant 
bug, Lyqus lineolaris (Palisot de Beauvois), control. 
Greenville Field also-was planted with acephate-treated 
seed, but it was treated with acephate 75%S (0.22 kg
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[AI]/ha; Valent USA Corp., Richmond, Calif.) on 2 June 
for thrips control, oxamyl 3.77L (0.28 kg [AI]/ha; E. I. 
DuPont de Nemours, Inc., Wilmington, Del.) plus 
thiodicarb 3.2F (0.14 kg [AI]/ha; Rhone-Poulenc Ag Co., 
Research Triangle Park, NC) on 8 June for boll weevil, 
Anthonomus arandis arandis Boheman, and tobacco budworm 
control, methyl parathion 4EC (0.56 kg [AI]/ha) on 19 
June for plant bug control, propargite 6.55EC (1.34 kg 
[AI]/ha; Uniroyal Chemical, Bethany, Conn.) on 28 June 
for spider mite control, and bifenthrin 2EC (0.07 kg 
[AI]/ha; FMC Corp., Middleport, N. Y.) on 28 July for 
aphid control. Stoneville Field was defoliated on 24 
September, and Greenville Field was defoliated on 27 
August. Aphid disease symptoms, evidenced by the 
presence of brown and "fuzzy" aphid cadavers, first 
appeared in both fields on approximately 24 July.
In 1991, Stoneville Field was planted with 
acephate-treated seed and received no foliar 
applications of insecticides throughout the remainder of 
the growing season. Greenville Field was planted with 
acephate-treated seed, and it was further treated with 
acephate 75%S (0.28 kg [AI]/ha) on 12 May for thrips 
control, methyl parathion 2 - endosulfan 3EC (0.56 kg
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[AI]/ha; FMC Corp., Middleport, N. Y.)) on 25 May for 
aphid control, oxamyl 3.77L (0.28 kg [AI]/ha) on 1 June 
for boll weevil control, profenofos 8EC (0.78 kg 
[AI]/ha; CIBA-GEIGY, Greensboro, N. C.)) on 6 June for 
aphid control, methyl parathion 4EC (0.28 kg [AI]/ha) 
plus thiodicarb 3.2F (0.9 kg [AI]/ha) on 14 June for 
plant bug and tobacco budworm control, bifenthrin 2EC 
(0.07 kg [AI]/ha) on 26 June for aphid control, and 
cypermethrin 2.5EC (0.09 kg [AI]/ha; FMC Corp.,
Middleport, N. Y.) on 12 July for tobacco budworm 
control. Stoneville Field was defoliated on 23 
September, and Greenville Field was defoliated on 19 
August. Aphid disease symptoms first appeared in 
Greenville Field on approximately 30 June and in 
Stoneville Field on 14 July.
Similar sampling procedures were followed for both 
fields in 1990 and 1991. Plants were sampled weekly for 
aphids from seedling emergence until defoliation. Bi­
weekly samples of vegetative regrowth were taken after 
defoliation and until the first frost. Whole plant 
samples were taken before the 4th true leaf stage of 
cotton seedling development. After this stage, each 
plant was sampled by removing 1 leaf from each of three
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positions within the plant canopy to determine within- 
plant aphid distribution as well as total numbers: top 
(second-fourth terminal leaf), middle (about one-half 
distance between terminal and lowest main branch), and 
bottom (lowest main stem leaf). Fifty plants were 
randomly sampled per 0.4 ha, either as whole plants or 
at three positions for each plant as described above. 
Samples were transported to the laboratory and aphids 
were removed from leaves using a modification of a leaf 
washing technique (Burris et al. 1990). Sodium 
hypochlorite was not added in order to detect the 
presence of aphid pathogenic fungal mycelia. Aphids 
were placed in 70% ethyl alcohol and were identified and 
counted.
Six additional fields around Leland, Miss., were 
sampled in 1991 to increase the sample size (field = 
experimental unit) for determinations of population 
dynamics and within-plant distributions in cotton. 
Sixty plants from a 1.2 ha portion of each field were 
sampled from early season (25 June), when aphid 
populations were small in all fields and until 
populations began to decline due to actions of 
beneficial insects and pathogens (16 July). The number
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of insecticide applications for each of these additional 
fields ranged from <2 for one field to >4 for two fields 
before 1 July. Numbers of aphids from a single leaf 
selected from each of the top, middle, and bottom 
sections of the plant canopy were recorded for each 
field.
Canopy position data for all fields over two years 
were combined (Stoneville Field and Greenville Field in 
1990 and 1991, plus 6 additional fields in 1991; n = 10) 
and analyzed for differences among the top, middle, and 
bottom positions by analysis of variance (CoStat 1990). 
Means were separated, where appropriate, using the 
Student-Neuman-Keuls test (P = 0.05).
Movement of Winged Aphids. Seasonal movement of 
winged aphids in and around cotton was monitored using 
water pan traps in 1990 and 1991. Traps were of 15.2 x 
15.2 x 7.6 cm dimensions, constructed of acrylic 
plastic, and painted on the inside with yellow paint, 
which has been shown to be attractive to aphids (Kring 
1967) . Holes were drilled near the top of each trap and 
covered with organdy cloth to prevent flooding of trap 
liquid by rainfall. Each trap was mounted approximately 
0.8m above the soil surface on ring stands. A mixture
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of water:ethylene glycol (1:1) was used to capture 
winged aphids attracted to the optic yellow color. 
Traps were changed every week, and the contents were 
examined under a binocular microscope to determine the 
total number of aphids and the proportion of cotton 
aphids for each collection date. The traps were 
positioned on two margins of a 13 ha cotton field 
(Stoneville Field), 3.0 m outside of the crop in weeds 
and approximately 3 0.5 m apart. Key specimens of the 
cotton aphid were slide mounted and deposited in the LSU 
Entomology Museum as vouchers.
Aphid Species and Sexual Morphs of the Cotton Aphid 
in Cotton. Weekly samples were taken in 1990 and 1991 
from seedling emergence to first frost in Stoneville and 
Greenville Fields and examined for aphid species 
composition. Aphids were considered colonizing cotton 
only if non-winged adults and immatures were found. 
Individual aphids were slide mounted, and adults were 
identified to species. Key specimens of each species 
collected were deposited with the LSU Entomology Museum 
as vouchers.
Samples taken from both fields in 1990 and 1991 up 
to first frost and from non-cultivated plant species
were examined for the presence and frequency of sexual 
morphs of the cotton aphid. Samples from cotton were 
collected using the method of Burris et al. (1990) and 
then transferred to 7 0% ethyl alcohol; samples from non­
cultivated plant species were collected directly into 
70% ethyl alcohol. Sexual morphs were slide mounted, 
examined for distinguishing antennal and genitalia 
characteristics (Palmer 1952), and counted. Voucher 
specimens of cotton aphid oviparae were deposited with 
the LSU Entomology Museum.
Season-long collections to determine aphid species 
composition and presence of sexual morphs in cotton also 
were taken from untreated small plots on the Macon Ridge 
location of the Northeast Research Station in Franklin 
Parish, La., approximately 160 km south of the 
Mississippi fields described earlier. Five samples of 
ten plants per plot were taken weekly, except when high 
densities occurred, during which additional samples were 
taken. In 1990, whole plant samples were taken from 8 
May to 14 June; from 21 June to 17 August, a single leaf 
each from the top and bottom canopy position were taken 
from each plant. In 1991, whole plant samples were 
taken from 23 May to 29 June; top and bottom leaf
72
samples were taken from each plant from 7 July to 24 
August. Aphids were removed from samples by the method 
of Burris et al. (1990) and tranferred to 70% ethyl 
alcohol for further examination. Sexual morph specimens 
were deposited as vouchers with the LSU Entomology 
Museum.
Pathogen and Parasitoid Factors Involved in 
Population Regulation. Preliminary observations made in 
1988-89 indicated that cotton aphid populations were 
primarily regulated after aphid outbreaks by a fungal 
disease epizootic and/or a hymenopterous wasp. 
Therefore, samples collected from cotton in 1§90 and 
1991 from Stoneville and Greenville Fields, as described 
above, were also evaluated for these two major biotic 
mortality factors.
Samples collected in 1990 from both sites as part 
of the population dynamics study were evaluated for the 
percent of prevalence of diseased aphids between top and 
bottom positions, to assess the role of microenvironment 
within the canopy. Samples were examined under a 
binocular microscope for the presence of fungal mycelia 
from the primary pathogen, Neozvgites fresenii 
(Nowakowski) Remaudiere and Keller (Entomophthorales:
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Neozygitaceae), and/or rapidly invading saprophytic 
growth (Steinkraus et al. 1991) protruding from 
individual aphids, and the percent of diseased 
individuals was determined. Each replicate consisted of 
a single sample date chosen in 1990 (24 July for
Stoneville Field; 14 August for Greenville Field) and in 
1991 (5 August for Greenville Field; 6 August for
Stoneville Field) on which aphid densities were most 
similar between top and bottom positions (150 leaves per 
position per replicate, n = 4). Differences in percent 
of disease prevalence between top and bottom samples for 
each sample date were compared by paired t tests. 
Voucher specimens of N. fresenii and the saprophytic 
fungus Cladosoorium herbarum Link ex Fries (Dematiaceae) 
were identified by Dr. R. H. Humber, Insect Mycologist, 
U. S. Plant, Soil, and Nutrition Laboratory, ARS-USDA, 
Ithaca, N. Y., and were deposited at that facility.
In 1991, aphid populations were heavily regulated 
by parasitism. Specimens reared from mummified cotton 
aphids were identified by Dr. P. Marsh, ARS-USDA 
Systematic Entomology Laboratory, Beltsville, Md. as 
Lvsiphlebus testaceipes (Cresson) (Hymenoptera: 
Braconidae). Heavy parasitism was probably due to this
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one species: L. testaceipes is a very common and
widespread parasitoid of aphids in North America (Sekhar 
1957), and was extremely common in parasitized cotton 
aphid collections made from cotton in Louisiana (Folsom 
1927, Brown 1947). This parasitoid was recorded in 
aphid samples from cotton as early as 1919 (Paddock 
1919) . Vouchers have been deposited in the LSU 
Entomology Museum. Disease symptoms were not apparent 
until after high rates of parasitism had occurred. 
Therefore parasitism rates were estimated in 1991 in 
Stoneville Field, which received no foliar insecticide 
applications, and Greenville Field, which received heavy 
foliar insecticide applications during early season 
(prior to 1 July). Rates of parasitism were estimated 
by counting the number of mummified aphid bodies and 
non-mummified aphids from a single collection date at 
which observed rates of parasitism appeared at its 
greatest for both fields (15 July). Three replications 
of 150 leaves per replicate were taken from each field.
Results and Discussion 
Collections made from non-cultivated plant species 
to determine alternate host plants of the cotton aphid
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revealed a high degree of polyphagy in Mississippi and 
Louisiana (Table 5.1.). Positive cotton aphid 
identifications were made on 24 plant species, 
representing 18 plant families. Cotton aphids were 
found every month of the year. The greatest number of 
hosts occurred in the summer months, coinciding with 
cotton production. The cotton aphid is capable of 
overwintering on non-crop hosts, as seen from 
collections made from December through February on 
Oenothera speciosa Nutt., Lamium amplexicaule L., and 
Rumex spp., but numbers were extremely low. Young and 
Garrison (1949) listed 17 additional non-cultivated 
plant species from which the cotton aphid was collected 
around Tallulah, La., six of which were sampled in this 
study without finding cotton aphids. They recorded no 
non-cultivated host plants supporting the cotton aphid 
during the months of May-July. Boudreaux (1951) listed 
33 plant species, many of which were cultivated 
horticultural plants, in 30 genera as hosts of the 
cotton aphid in Louisiana, 29 of which are different 
from those listed in Young and Garrison (1949) and this 
study. High polyphagy has been well documented for the
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Table 5.1. Non-crop host plants of the cotton aphid in 
Mississippi and Louisiana, 1990-1991
Family and Month
Plant Species__________ J F M A M J J  A S O N D
Amaranthaceae
Amaranthus spinosus L.___________________
Apocynaceae
Apocvnum cannabinum L.____________________________
Asteraceae
Iva annua L.__________________________ _________
Parthenium hvsterophorus L.__________ _________
Bignoniaceae
Campsis radicans (L.)____________________ ______
Seem, ex Bureau
Chenopod iaceae
Chenopodium ambrosioides L._________________
Compositae
Ambrosia trifida L.______________________ ___
Eclipta alba L.__________________________ ___
Solidaao canadensis L. ___
Xanthium strumarium L.
Cruciferae
Capsella bursa-pastoris 
(L.) Medicus
Euphorbiaceae
Euphorbia nutans Lag. 
Croton capitatus Michx.
Labiatae
Lamium amplexicaule L. _
Lythraceae
Ammannia coccinea Rottb.
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Table 5.1 continued J F M A M J J A S O N D
Malvaceae
Abutilon theophrasti 
Medic.
Sida rhombifolia L.
Onagraceae
Oenothera speciosa _
Nutt.
Polygonaceae
Rumex spp. _
Ranunculaceae
Ranunculus muricatus L.
Scrophulariaceae
Veronica perearina L.
Solanaceae
Solanum carolinense L.
Verbenaceae
Verbena brasiliensis 
Veil.
Vitaceae
Ampelopsis arborea
(L.) Koehne
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cotton aphid on a world-wide basis (Blackman & Eastop 
1984).
Seasonal abundance/population fluctuation curves 
for aphids from both fields in 1990 indicated that aphid 
populations in cotton did not increase until late June 
or early July, coinciding with the time plants began to 
bloom (Fig. 5.1.). This pattern of rapid population 
development in late June-early July was observed again 
in 1991 for 7 of the 8 fields sampled (Figs. 5.2. and
5.3.). In 1991, the peak of numbers occurred 
approximately 2 weeks earlier in Greenville Field 
compared to the other fields, probably due to the 4 
April planting date of this field and the subsequently 
earlier time of bloom. Importantly, this pattern of
mid-season (1 July - 15 August) development of 
populations was observed in all fields regardless of the 
frequency of insecticide use, which varied from 0 to >4- 
6, during the early season (planting - 1 July). These 
data suggest insecticide effects on beneficial insects 
were minimal in terms of these insects regulating the 
timing of cotton aphid outbreaks in cotton, and that 
plant phenology (occurrence of first bloom) may be 
involved in aphid population outbreaks. In 1991 in
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Mean No. Aphids/Leaf/Location
50
4 0
3 0
20
0
0
4 /1 6/15 /1 7/1 8/1 9/1 10/1
Date
Stoneville Field +  Greenville Field
Fig. 5.1. Seasonal population development of aphids in
1990.
8 0
Mean No. Aphids/Leaf/Location
7 0
6 0
6 0
4 0
3 0
20
0
0
4 /1 5/1 6 /1 7/1 8 /1 9/1
Date
~ S t o n e v i l l e  Field +  Greenville Field
Fig. 5.2. Seasonal population development of aphids in
1991.
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Mean No. Aphids/Leaf/Location
60
5 0
4 0
3 0
20
10
0
4 /1 5 /1 6 /1 7 /1 8 /1 9/1
Date
Fig. 5.3. Mid-season population development of aphids in 
six additional fields in 1991.
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Greenville Field, populations became very heavy by mid- 
June, even though preceeding light populations were 
treated with aphicides (methyl parathion-endosulfan 
mixture and profenofos) prior to the population increase 
(Fig. 5.2). Therefore, a strategy of targeting early 
immigrant populations for insecticidal control in an 
effort to prevent large mid-season peaks from occurring 
may not be successful, particularly if resistance is 
present in the population, as appeared to be the case in 
this field.
Slosser et al. (1989) proposed that populations of 
the cotton aphid in the Rolling Plains area of Texas 
increased only when combined plant and climatic 
conditions reach some unknown optimum level(s), and 
noted that large increases in aphid populations before 
1 August in that location were uncommon, regardless of 
the presence of early season beneficials. Wellings and 
Dixon (1987), in a review of factors involved in aphid 
outbreaks, stated that the number of immigrants arriving 
earlier in the crop season and environmental conditions 
favorable to reproduction were the most important 
factors involved in rapid multiplication of aphid 
populations. The effects of beneficials in determining
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the timing and peak numbers of aphids were unclear, 
generally because early season environmental conditions 
do not usually favor the rapid increase of beneficials 
that would be required to significantly alter the 
initial dynamics of an aphid population explosion 
(Wellings & Dixon 1987). However, heavy rains that can 
wash aphids from plants (Wellings & Dixon [1987]), 
combined with light insecticide use in Stoneville Field 
of this study, may have allowed L. testaceioes and other 
beneficials such as ladybeetles, big-eyed bugs, nabids, 
Deraeocoris sp. , and syrphids to regulate populations in 
1991. Results from the present study tend to agree with 
the proposed hypothesis (Wellings & Dixon [1987], 
Slosser et al. [1989]) that rapid (within one week) 
increases of populations are in response to 
environmental condition (s), either on the aphid directly 
or on the host plant, regardless of the insecticide use 
regime (and its possible subsequent effects on 
beneficials) followed prior to this time. The 
occurrence of insecticide resistance in cotton aphid 
populations would likely exacerbate this rapid increase. 
In Arkansas, Isely (1946) observed that injury to cotton 
from the cotton aphid did not usually occur until after
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plants were fruiting heavily, with an additional 
increase in numbers later in the season; aphids were 
also common on young plants although no exact dates were 
given. Isely (1946), however, attributed the initial 
rapid increases in aphid populations to loss of 
beneficials through early season insecticide use, 
particularly through the use of calcium arsenate for 
boll weevil control. A resurgence of aphids occurred in 
Greenville and Stoneville Fields later in the season in 
the study reported herein, similar to the situation 
observed by Isely (1946).
Trap collections in 1990, and to a much lesser 
extent in 1991, showed that the greatest flight activity 
occurred in July, with smaller peaks in August and 
September (Fig. 5.4.). Peak captures indicated large 
flights only after the nearby cotton became heavily 
infested, and aphids apparently began migrating out of 
Stoneville Field in response to crowding. Ellsbury et 
al. (1988) recorded the greatest flight of the cotton 
aphid around Trifolium spp. from September through 
November, with smaller peaks of activity in March or 
April. In high altitude collections made by Glick 
(1939) from 1926 through 1931 over Tallulah, La., only
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Total No. Aphids/Date
8 0
6 0
4 0
20
0
1/1 2/1 3 /1 4 /1 5/1 6/1 7/1 8 /1 9 /1 10/1 11/1 12/1
Date
1 9 9 0  ‘ 1 9 9 1
Fig. 5.4. Captures of winged cotton aphids around 
cotton.
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eight cotton aphids were collected in the spring months 
and all of these were at altitudes from 61 to 3,962 
meters.
Analysis of within canopy distribution for ten 
fields (1990 and 1991 Greenville and Stoneville Fields 
plus 6 additional fields in 1991), characterized by no 
to moderately heavy early season insecticide use, 
indicated that aphid populations were significantly (P 
< 0.05) greater at the middle position when populations 
were greatest (Table 5.2.). Insecticide contact is a 
particular concern for the control of aphids, primarily 
due to the preference of the cotton aphid for the 
abaxial surfaces of leaves. In at least one case where 
insecticide resistance has been documented in 
Mississippi, resistance ratios were relatively low, 
ranging from only 4 to 6-fold (O'Brien et al. in press). 
However, the combined effects of preference for abaxial 
leaf surfaces and the within-canopy distribution 
patterns observed in this study with minor levels of 
resistance may partially explain aphid control problems 
observed in cotton.
Several aphid species other than the cotton aphid 
were present in cotton in Mississippi in 1990 and 1991
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Table 5.2. Within-plant distribution of the cotton 
aphid at peak population densities
Canoov oosition Mean no. aohids/oosition
Top 3147.1 a
Middle 5220.5 b
Bottom 2421.0 a
Values followed by different letters are significantly 
different (ANOVA of RBD, F= 6.78, P < 0.006, df = 2; 
means separated by Student-Neuman-Keuls test, P < 0.05) .
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Table 5.3. Temporal sequence of aphid species 
collected from cotton in Mississippi and Louisiana, 
1990-1991
Month
Species________________ Mav Jun. Jul. Aug. Sept.
Acrvthosiphon ___
pisum (Harris)
Aphis craccivora ________________
Koch
[cowpea aphid]
Aphis qossvpii________ __________________________________
Glover
Aphis mairdiradicis ___
Forbes
[corn root aphid]
Macrosjphum euphorbiae _______
(Thomas)
[potato aphid]
Mvzus persicae _____________
(Sulzer)
[green peach aphid]
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(Table 5.3.). The predominate species was the cotton 
aphid, and after 1 July, it became the only species 
present. Peaks of population development that occurred 
in mid- to late-season, as shown in Figs. 5.1. - 5.3. 
consisted almost exclusively of A. aossvpii. 
Additionally, the five other species that were collected 
were found almost without exception before 3 0 June, when 
numbers of all aphids were very low.
Collection dates and numbers of adults (immatures 
are difficult to identify to species [M. B. Stoetzel, 
pers. comm.]) of each species for early-season in 1990 
were as follows: 4 May, 3 Acvrthosiphon pisum. 2 Aphis 
maidiradicis. 7 Mvzus persicae. and 2 immatures; 13 
May, 1 A. pisum. 3 Aphis craccivora. 7 Aphis aossvpii. 
16 Macrosiphon euphorbiae. 11 M. persicae. and 141
immatures (which appeared to be Macrosiphini); 22 May,
6 A. craccivora. 1 A. maidiradicis. 11 A. aossvpii. 1 M. 
euphorbiae. 18 M. persicae. and 112 immatures (51 
Macrosiphini and 61 Aphidini); 30 May, 1 A. craccivora.
8 A. aossvpii. 4 M. persicae. and 22 immatures
(Macrosiphini and Aphidini); 4 June, 4 A. craccivora.
46 A. aossvpii. 9 M. euphorbiae. 59 M. persicae. and 553 
immatures (318 Macrosiphini and 235 Aphidini); 7 June,
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3 A. aossvpii. 4 M. persicae. and 28 immatures 
(Macrosiphini and Aphidini); 11 June, 2 A. aossvpii. 9
M. persicae. and 124 immatures (mostly Macrosiphini); 
12 June, 11 A. oossypii, 1 M. persicae. and 70 immatures 
(mostly Aphidini) ; 18 June, 16 A. aossvpii. 8 M.
persicae. and 141 immatures; 19 June, 46 A. aossvpii 
and 181 immatures (Aphidini); 25 June-remaider of
season, all A. aossvpii. Only A. aossvpii was collected 
from cotton samples in Louisiana, except when three 
collections (12 May, 28 June, 3 July) of A. craccivora 
were made.
Collection dates and numbers of adults of each 
species for early-season in 1991 were as follows: 15
April, 2 A. maidiradicis and 2 immatures; 24 April, 1 
A. craccivora. 1 A. aossvpii. 2 A. maidiradicis. 2 M. 
persicae. and 13 immatures (Macrosiphini and Aphidini); 
2 May, 1 A. maidiradicis. 2 M. persicae. and 8 immatures 
(Macrosiphini and Aphidini); 9 May, 1 A. craccivora. 1
A. maidiradicis. 1 A. qossypii. 6 M. persicae. and 41 
immatures (Macrosiphini and Aphidini); 18 May, 2 A.
craccivora. 2 A. maidiradicis. 18 A. aossvpii. 2 M.
euphorbiae. 3 M. persicae. and 46 immatures 
(Macrosiphini and Aphidini); 19 May, 2 A. craccivora.
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2 A. aossvpii. and 1 M. persicae: 24 May, 2 A.
craccivora. 12 A. aossvpii. 1 M. persicae. and 35
immatures (Macrosiphini and Aphidini) ; 30 May, 7 A.
craccivora. 34 A. aossvpii. and 137 immatures
(Aphidini); 2 June- 16 June all A. aossvpii; 17 June,
21 A. aossvpii. 1 M. euphorbiae. and 104 immatures
(mostly Aphidini); 23 June-remainder of season, all A.
aossvpii. in Louisiana, all samples collected
throughout the entire 1991 season were A. aossvpii.
This pattern of temporal sequence of species in 
cotton was also observed from 1941 to 1947 by Young and 
Garrison (1949) around Tallulah, La., even though 
management practices used today differ from those used 
40 years ago. They found A. aossvpii on cotton 
throughout the entire growing season, except in 1942, 
when it was detected only after 29 June. They reported 
finding Aphis medicaainis Koch, Macrosiphum pisi 
(Kaltenbach) (= Acvrthos jphon pisum [Harris]), M. 
solanifolii (Ashmead) (= M. euphorbiae [Thomas]), Mvzus 
persicae (Sulzer), and Rhopalosiphum subterraneum Mason 
(= R. rufiabdominalis [Sasaki]) all before 29 June over 
7 years, except that A. medicaainis was collected in 
July and October in 1945 and in October in 1947. Most
U. S. records of A. medicaqinis probably refer to A. 
craccivora Koch (Smith & Parron 1978). Another aphid 
reported on cotton in Louisiana is Aphis spjraecola 
Patch (Boudreaux 1951). Boudreaux used, as did other 
workers in that period, the name Macrosiphum aei (Koch) 
for the potato aphid, M. euphorbiae. Only A. aossvpii 
is considered an economically damaging aphid pest in 
Mid-South cotton. All species identified in the present 
study were previously reported from cotton (Young & 
Garrison 1949, Blackman & Eastop 1984).
Oviparae were collected from cotton in Mississippi 
and Louisiana and from Ampelopsis arborea (L.) Koehne in 
Mississippi in late November, 1990. In Mississippi, two 
oviparae were collected, which represented a frequency 
of 0.03% of total cotton aphids collected. The 
remainder of the sample was parthenogenetic viviparae 
and nymphs. In Louisiana in 1990, six oviparae were 
collected along with viviparae and nymphs. The numbers 
of oviparae represented 10.2% of the total cotton aphids 
collected. In 1991, the first frost that killed 
herbaceous plant growth occurred on 4 November, and 
consequently no sexuales were collected from cotton or 
A. arborea in 1991. These collections further confirm
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the report of O'Brien et al. (1990b) wherein sexuales 
were found on cotton. These collections indicate that 
mixing of genes for insecticide resistance may be a 
possibility in late season overwintering populations. 
The impact of such a low frequency of sexuales on 
resistance in the following year is unclear, however.
In 1990, and to a lesser extent in 1991, the major 
factor in the natural reduction of aphid populations in 
cotton was the fungal pathogen Neozyqites fresenii 
(Nowakowski) (Entomophthorales: Neozygitaceae). This 
fungus appears to be almost exclusively responsible for 
fungal epizootics in cotton aphid populations in the 
Mid-South (Steinkraus et al. 1991). Although density- 
dependent factors are probably instrumental in the 
initial occurrence of fungal epizootics caused by N. 
fresenii (Cappuccino 1988), microenvironment within the 
canopy may have been a significant factor in prevalence 
of disease symptoms between top and bottom canopy 
positions. Significantly greater disease prevalence was 
found for aphids at the bottom position within the 
canopy as compared to the top position, even when aphid 
densities were very similar. A mean paired difference 
of 28.3% disease (SE[diff] = 7.79) between bottom and
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top positions, as compared to the null hypothesis of 
zero difference, was significant (t = 2.857, df = 3, P 
< 0.05).
Percent parasitism rates in 1991, probably 
primarily by L. testaceipes. were greater under 
conditions of no insecticide use (Stoneville Field) than 
under high insecticide use (Greenville Field). Mean 
parasitism was as high as 43.8% in the former field and 
as high as 19.9% in Greenville Field, even though 
frequent insecticide treatments were applied in the 
early-season in Greenville Field. Immature stages of 
aphid parasitoids have been shown in several previous 
instances to exhibit tolerance to insecticides as a 
result of protection afforded by the mummified aphid 
body within which immatures develop (Stary 1970, Hsieh 
& Allen 1986). The relatively high parasitism seen in 
mid-season in Greenville Field in the present study may 
be the result of such protection. Insecticide 
resistance may also be possible in L. testaceipes.
Several implications can be made from these data on 
biology and population dynamics that may be helpful in 
devising an IPM program for the cotton aphid. The lack 
of a single large peak of winged aphids occurring before
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heavy populations develop in nearby cotton suggests that 
movement of winged aphids from its many non-cultivated 
hosts is gradual and ongoing from the time cotton 
emerges from the soil. Cultural control of these hosts 
before planting and destruction of overwintering hosts 
may help to reduce infestations in cotton.
The timing of rapid population increases of the 
cotton aphid in cotton occurred in nine of the 10 field 
replications in approximately the same week in early 
July over two years, regardless of the frequency of 
early-season insecticide use, indicating that foliar 
treatment of small populations of early season aphids 
may have little impact on when rapid increases occur. 
Treatment of these early aphids also may do little to 
reduce the ultimate magnitude of the mid-season peak of 
cotton aphid populations. Early season treatments also 
may be avoided as non-target aphid species are correctly 
differentiated from the cotton aphid.
Because aphids were distributed mainly in the 
middle of the canopy when populations were heaviest, 
insecticide control may become difficult as resistance 
becomes even greater in the future. However, the more 
favorable microenvironment for aphid fungal epizootics
lower in the canopy may effectively regulate these 
populations naturally. Narrowing the distance between 
rows to increase yields, a practice that is increasing 
in parts of the Mid-South, may also help to increase 
favorable microenvironmental conditions for disease 
development. Population regulation may also occur
naturally due to the actions of L. testaceipes and other 
beneficials.
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CHAPTER 6
SUMMARY AND CONCLUSIONS
Insecticide Resistance 
At least one population of the cotton aphid in the 
Mid-South has developed resistance to four major classes 
of insecticides recommended for its control. Multiple 
enzymatic mechanisms were implicated in conferring 
resistance to these several classes. Carboxylesterases 
were associated with organophosphate resistance and 
possibly in pyrethroid resistance, but were not a factor 
in organochlorine resistance, due to lack of an ester 
linkage in the organochlorine structure. 
Carboxylesterases may be involved in carbamate 
resistance, but one previous study has shown a link 
between carbamate resistance and altered 
acetylcholinesterase in the cotton aphid (Sun et al. 
1987). Mixed function oxidases may also contribute to 
resistance (Sun et al. 1987).
Because resistance in a field strain to the 
organophosphate, carbamate, and pyrethroid insecticides 
was significantly greater than a susceptible strain for
1 0 1
1 0 2
as long as 12 months without selection, it can be 
expected that once resistance to a particular class 
develops in the field within a season, attempts to use 
it later in the season may be futile. This would 
suggest that rotations of insecticides within a season 
may prove most efficacious in attempts to control 
populations exhibiting resistance to one or more classes 
of insecticides. Additionally, the low frequency of 
oviparae may not provide much mixing of genes for 
resistance for the following season.
Reproduction of Resistant Cotton Aphids 
Associated with long-term organophosphate 
insecticide resistance in winged cotton aphids was an 
apparent higher reproductive capacity, compared to 
susceptible aphids, in the absence of exposure to 
insecticides. Associated with this resistance was 
probably a carboxylesterase, which has been shown to 
cause little or no reproductive disadvantage in other 
insects (Roush & Plapp 1982, Beeman & Nanis 1986).
These results may give some explanation as to why 
probable insecticide resistant populations become 
extremely heavy in many seasons, far out-stripping the
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ability of beneficial insects to control them. With no 
reproductive disadvantage associated with insecticide 
resistance, resistant individuals are not only able to 
survive treatments directed at their control, but 
ultimately to replace susceptible aphids that are killed 
by these treatments. Because the aphids used in this 
study were winged, the potential for dispersal of 
resistant and highly reproductive populations is 
heightened.
Population Dynamics and Basic Biology 
The very wide host range, both in time and in 
space, probably allows the cotton aphid to move to 
cotton and reproduce almost immediately after plant 
emergence. The lack of a single large peak of winged 
aphids in traps before heavy populations developed in 
the crop suggested that migration into cotton from weed 
hosts was gradual and probably local and not a single, 
long-range migratory flight. Additionally, the 
occurrence of overwintering cotton aphids on alternate 
plant hosts may allow individuals that are insecticide 
resistant to survive until the next growing season.
Indications from four fields, and from six 
supporting fields in 1991, receiving varying levels of 
insecticide treatments prior to late June-early July, 
were that treatments were ineffective in altering the 
timing of aphid population outbreaks, which almost 
always occurred the first week of July. In all fields 
sampled, however, outbreaks occurred around the time of 
first bloom, which also coincided with the first week of 
July for most fields. Two pre-outbreak insecticide 
applications directed specifically toward aphids also 
were ineffective in altering the eventual magnitide of 
these increases. These data indicate that treatment of 
low populations of aphids in early season is 
inadvisable. Reducing the frequency of aphicide 
treatments also will slow the pace of insecticide 
resistance development in the cotton aphid and in other 
pests such as the tobacco budworm.
Proper identification of aphid species early in the 
season may also result in decreased insecticide use. 
Early season infestations of other aphid species showed 
no further population development after early July, 
probably due to warmer summer temperatures. All aphid
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species found in early season, including the cotton 
aphid, occurred in low numbers.
Because aphid populations were distributed mainly 
within the middle of the canopy, insecticide coverage is 
probably limited and control is made more difficult. 
Insecticide resistance may interact with this physical 
protection to further limit efficacy. However, eventual 
control of these populations low within the canopy may 
occur, probably due to the microenvironmental conditions 
favorable to the development of the primary fungus, N. 
fresenii. low within the canopy. Population regulation 
in mid-season also came through the actions of the 
parasitoid L. testaceipes. which also showed a degree of 
tolerance to insecticides.
Future Research Needs 
Without a doubt the most important question yet to 
be answered regarding the cotton aphid is its effect on 
yield. Without determining the degree of yield loss 
associated with specific numbers of aphids infesting a 
crop stage for a defined period of time (e. g., an 
economic threshold associated with yield loss), one
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cannot estimate how much insecticide use is necessary or 
if biological agents provide adequate control.
However, lint quality can be affected adversely by 
aphid honeydew, so the late-season resurgences as seen 
in the present study cannot be ignored. With pests such 
as the cotton aphid, there exists an opportunity to 
utilize host plant resistance. Sometimes only the 
moderate reductions of populations provided by this 
mechanism can be combined with biological control agents 
to provide enough control to limit late-season 
resurgences.
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